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GAS SUPPLY DEVICE, SUBSTRATE 
PROCESSINGAPPARATUS AND SUBSTRATE 

PROCESSING METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of priority of each of the 
following applications and describes the relationship of the 
earlier applications. The present application is a Continuation 
Application of and claims the benefit of priority from U.S. 
application Ser. No. 12/262,698, filed Oct. 31, 2008, and also 
claims the benefit of priority from U.S. Provisional Applica 
tion No. 61/024,346, filed Jan. 29, 2008. The present appli 
cation is further based upon and claims the benefit of priority 
from the prior Japanese Patent Application No. 2007-286411, 
filed Nov. 2, 2007. The entire contents of foregoing applica 
tions are incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to a gas Supply device for 
Supplying a gas into a processing chamber whena Substrate is 
Subjected to a Substrate processing Such as plasma etching or 
the like, a Substrate processing apparatus including the gas 
Supply device and a Substrate processing method. 

BACKGROUND OF THE INVENTION 

In a manufacturing process of electronic devices such as 
semiconductor devices and liquid crystal displays, a Substrate 
processing, e.g., film-forming processing for forming a pre 
determined film on the Surface of a substrate or an etching 
processing for forming specific patterns to a film formed on a 
substrate is performed. 

In the Substrate processing, a plasma is used to obtain high 
reactivity. In particular, a plasma etching apparatus is fre 
quently used in the etching processing. The plasma etching 
apparatus includes a processing chamber having a substrate 
therein, a lower electrode provided in the processing chamber 
for mounting the Substrate thereon and an upper electrode 
provided in the processing chamber to face with the lower 
electrode, the upper electrode forming a shower head for 
injecting a gas toward the Substrate mounted on the lower 
electrode. In this plasma etching apparatus, a specific gaseous 
mixture is injected through the shower head and a high fre 
quency electric field is formed between the lower and upper 
electrodes to generate a plasma. The film formed on the 
substrate is etched by the plasma. 

In the plasma etching apparatus, the etching characteristics 
Such as an etching rate and an etching selectivity are affected 
by the concentration of the gas Supplied onto the Substrate. In 
an effort to make the etching characteristics uniform in the 
Substrate plane, there have been proposed various methods 
for adjusting the gas distribution in the Substrate plane. 

For example, Japanese Patent Laid-open Publication No. 
2006-165399 (JP2006-165399A) discloses a technique in 
which the gas distribution is adjusted by Supplying an arbi 
trary gaseous mixture to a plurality of locations in a process 
ing chamber with a relatively simple line configuration. Japa 
nese Patent Laid-open Publication No. 2007-207808 
(JP2007-207808A) discloses a technique in which the gas 
distribution is adjusted by Supplying an arbitrary gaseous 
mixture to a plurality of locations in a processing chamber 
with a simple line configuration and through a simple control 
operation, wherein a processing gas is split to flow through 
first and second paths so that it can be injected from first and 
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2 
second portions of a shower head, respectively. Further, a 
specific additional gas is allowed to flow through these paths, 
thereby adjusting the ingredient and flow rate of the process 
ing gas. Japanese Patent Laid-open Publication No. 2007 
214295 (JP2007-214295A) discloses a technique in which 
the gas distribution is adjusted by Supplying an arbitrary 
gaseous mixture to a plurality of locations in a processing 
chamber with a simple line configuration and through a 
simple control operation, wherein a processing gas is split to 
flow through first and second paths so that it can be injected 
from first and second portions of a shower head. Indepen 
dently of the processing gas, a specific additional gas is 
injected to thereby adjust the ingredient and flow rate of the 
processing gas with an increased degree of freedom. 

However, requirements for in-plane uniformity of the sub 
strate become more and more strict. In particular, it is difficult 
to correct the characteristics of an outermost circumference 
of a peripheral edge of the substrate. Therefore, it sometimes 
happens that the in-plane uniformity is not sufficiently 
secured by merely employing the techniques mentioned 
above. Further, there happens sometimes that the additional 
gas is not needed depending on the process. In case where an 
additional gas line is separately provided as in JP2007 
214295A, there is a possibility that, if the additional gas is not 
Supplied, a deposit may be accumulated in injection holes 
through which the additional gas is to be injected and an 
abnormal electric discharge may be generated in the vicinities 
of the injection holes. 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the present invention 
to provide a gas Supply device capable of effectively correct 
ing the characteristics of an outermost circumference of a 
Substrate while employing a simple line configuration. 

Another object of the present invention is to provide a 
Substrate processing apparatus and a Substrate processing 
method capable of performing uniform in-plane processing to 
a substrate by effectively correcting the characteristics of an 
outermost circumference of the substrate. 

Still another object of the present invention is to provide a 
gas Supply device, a Substrate processing apparatus and a 
Substrate processing method, each of which is capable of 
Supplying an additional gas in addition to a processing gas 
and each of which seldom generates a deposit and an abnor 
mal electric discharge even when the additional gas is not 
Supplied. 

In accordance with a first aspect of the present invention, 
there is provided a gas Supply mechanism for Supplying a gas 
into a processing chamber in which a target Substrate is 
arranged. 
The gas Supply mechanism includes a gas introduction 

member provided in the processing chamber to face with the 
target Substrate, the gas introduction member having gas inlet 
portions through which a gas is introduced into the processing 
chamber; a processing gas Supply unit for Supplying a pro 
cessing gas into the gas introduction member, the processing 
gas being used for processing the target Substrate; a process 
ing gas Supply path through which the processing gas flows 
from the processing gas Supply unit; branch paths for Supply 
ing the processing gas in a specific split flow rate ratio, the 
branch paths being branched off from the processing gas 
Supply path and connected to the gas introduction member; an 
additional gas Supply unit for Supplying an additional gas into 
the gas introduction member, the additional gas being used in 
adjusting processing characteristics of the processing gas; 



US 8,679,255 B2 
3 

and an additional gas Supply path connected to the additional 
gas Supply unit and the gas introduction member. 
The gas inlet portions include inner gas inlet portions for 

Supplying a gas toward a region where the target Substrate is 
positioned and an outer gas inlet portion for introducing a gas 
toward a region outside an outermost periphery of the target 
Substrate, branch paths being connected to inner gas inlet 
portions, and the additional gas Supply path being connected 
to the outer gas inlet portion. 

In accordance with the first aspect, the gas inlet portions of 
the gas introduction member are preferably provided in a 
concentric pattern. The outer gas inlet portion is arranged in 
an outermost position, and inner gas inlet portions are 
arranged inside the outer gas inlet portion. 

Further, the gas introduction member may form a shower 
head having an internal gas diffusion space and a bottom 
having gas injection holes, the gas diffusion space being 
divided into gas diffusion rooms to correspond to the gas inlet 
portions. 

Furthermore, the gas inlet portions may include a first gas 
inlet portion for introducing the processing gas toward a 
central region of the target Substrate, a second gas inlet por 
tion for introducing the processing gas toward a peripheral 
region of the target Substrate, and a third gas inlet portion 
arranged outside the second gas inlet portion, the first and the 
second gas inlet portion serve as the inner gas inlet portions 
and the third gas inlet portion serves as the outer gas inlet 
portion. 
The branch paths may include a first branch path and a 

second branch path respectively connected to the first and the 
Second gas inlet portion. 
The gas Supply mechanism may further includes a Switch 

ing mechanism capable of selectively Supplying the addi 
tional gas and the processing gas to the outer gas inlet portion. 

The Switching mechanism preferably includes a bypass 
line connecting the additional gas Supply path to either the 
processing gas Supply path or one of the branch paths and a 
bypass valve for selectively connecting the outer gas inlet 
portion to either the additional gas Supply path or the bypass 
line. 

In accordance with a second aspect of the present inven 
tion, there is provided a gas Supply mechanism for Supplying 
a gas into a processing chamber in which a target Substrate is 
arranged. The gas Supply mechanism includes a processing 
gas Supply unit for Supplying a processing gas into the pro 
cessing chamber, the processing gas being used in processing 
the target Substrate; one or more processing gas inlet portions 
through which the processing gas is introduced into the pro 
cessing chamber, a processing gas Supply path through which 
the processing gas is Supplied from the processing gas Supply 
unit to the processing gas inlet portion; and an additional gas 
Supply unit for Supplying an additional gas into the process 
ing chamber. 
The gas Supply mechanism further includes the additional 

gas being used in adjusting processing characteristics of the 
processing gas; an additional gas inlet portion through which 
a gas is introduced into the processing chamber; an additional 
gas Supply path through which the additional gas is Supplied 
from the additional gas Supply unit to the additional gas inlet 
portion; and a Switching mechanism for allowing the process 
ing gas to flow through the additional gas inlet portion in case 
where the additional gas is not introduced into the processing 
chamber. 

In accordance with the second aspect, the Switching 
mechanism preferably includes a bypass line connecting the 
additional gas Supply path and the processing gas Supply path 
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4 
and a bypass valve for selectively connecting the additional 
gas inlet portion to either the additional gas Supply path or the 
bypass line. 

In accordance with the second aspect, the processing gas 
Supply path preferably includes a main path extending from 
the processing gas Supply unit and branch paths branched off 
from the main path, the number of the processing gas inlet 
portions being greater than one to correspond with the branch 
paths. 

In this case, the processing gas inlet portions and the addi 
tional gas inlet portion preferably form a gas introduction 
member provided inside the processing chamber to face with 
the target Substrate. 
The gas introduction member preferably constitutes a 

shower head having an internal gas diffusion space and a 
bottom having gas injection holes, the gas diffusion space 
being divided into gas diffusion rooms to correspond to the 
processing gas inlet portions and the additional gas inlet 
portion. 

Further, the processing gas inlet portions preferably 
includes a first gas inlet portion for introducing the processing 
gas toward a central region of the target Substrate and a second 
gas inlet portion for introducing the processing gas toward a 
peripheral region of the target Substrate, the additional gas 
inlet portion being arranged outside the second gas inlet por 
tion and Supplying the additional or the processing gas toward 
a region outside an outermost periphery of the target Sub 
Strate. 

In accordance with the first and the second aspect, the 
additional gas may differ from the processing gas. The pro 
cessing gas preferably includes plural gases, the additional 
gas differing from the gases or being a part of the gases which 
form the processing gas. 

In accordance with a third aspect of the present invention, 
there is provided a Substrate processing apparatus including a 
processing chamber in which a target Substrate is arranged, 
and a gas Supply mechanism for Supplying a gas into the 
processing chamber, wherein a processing gas used for pro 
cessing the target Substrate is Supplied from the gas Supply 
mechanism into the processing chamber to perform a specific 
processing onto the target Substrate. 
The gas Supply mechanism includes a gas introduction 

member provided in the processing chamber to be faced with 
the target Substrate, the gas introduction member having gas 
inlet portions through which a gas is introduced into the 
processing chamber, a processing gas Supply unit for Supply 
ing the processing gas into the gas introduction member, a 
processing gas Supply path through which the processing gas 
flows from the processing gas Supply unit; and branch paths 
for Supplying the processing gas in a specific split flow rate 
ratio. 
The gas Supply mechanism further includes the branch 

paths branched off from the processing gas Supply path and 
connected to the plurality of gas inlet portions of the gas 
introduction member; an additional gas Supply unit for Sup 
plying an additional gas into the gas introduction member, the 
additional gas being used in adjusting processing character 
istics of the processing gas; and an additional gas Supply path 
through which the additional gas flows from the additional 
gas Supply unit, the additional gas Supply path connected to 
the gas introduction member. 
The gas introduction member includes an outer gas inlet 

portion for introducing a gas toward a region outside an 
outermost periphery of the target Substrate, and the additional 
gas Supply path being connected to the outer gas inlet portion. 

In accordance with a fourth aspect of the present invention, 
there is provided a Substrate processing apparatus including a 
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processing chamber in which a target Substrate is arranged, 
and a gas Supply mechanism for Supplying a gas into the 
processing chamber, wherein a processing gas used in pro 
cessing the target Substrate is Supplied from the gas Supply 
mechanism into the processing chamber to perform a specific 
processing onto the target Substrate. 
The gas Supply mechanism includes a processing gas Sup 

ply unit for Supplying the processing gas into the processing 
chamber, the processing gas being used for processing the 
target Substrate; one or more processing gas inlet portions 
through which the processing gas is introduced into the pro 
cessing chamber, a processing gas Supply path through which 
the processing gas is Supplied from the processing gas Supply 
unit to the processing gas inlet portion; an additional gas 
Supply unit for Supplying an additional gas into the process 
ing chamber, the additional gas being used in adjusting pro 
cessing characteristics of the processing gas; and an addi 
tional gas inlet portion through which a gas is introduced into 
the processing chamber. 

The gas Supply mechanism further includes an additional 
gas Supply path through which the additional gas is Supplied 
from the additional gas Supply unit to the additional gas inlet 
portion; and a Switching mechanism for allowing the process 
ing gas to flow through the additional gas inlet portion in case 
where the additional gas is not introduced into the processing 
chamber. 

In accordance with the third and the fourth aspect, the 
Substrate processing apparatus may further includes a plasma 
generation mechanism for generating a plasma of the pro 
cessing gas and the additional gas to process the target Sub 
strate with the plasma thus generated. 

In accordance with a fifth aspect of the present invention, 
there is provided a Substrate processing method for perform 
ing a specific processing on a target Substrate by introducing 
a processing gas into a processing chamber in which the target 
Substrate is arranged. The Substrate processing method fur 
ther includes Supplying the processing gas in a specific split 
flow rate ratio from portions toward a region where the target 
Substrate is positioned; and Supplying an additional gas, used 
for adjusting processing characteristics of the processing gas, 
from an outer portion outside the portions to a region outside 
an outermost periphery of the target Substrate. 

In accordance with the fifth aspect, the portions are pro 
vided in a concentric pattern, the outermost peripheral region 
being concentrically arranged outside the portions. In this 
case, the portions include a first portion corresponding to a 
central region of the target Substrate and a second region 
corresponding to a peripheral region of the target Substrate. 

Further, in accordance with the fifth aspect of the present 
invention, the specific processing preferably includes plasma 
processing for plasma-etching a film formed on the target 
Substrate. In case where a reaction product is decreased in an 
outermost periphery region of the target Substrate in the pro 
cessing chamber, the additional gas may a gas including an 
ingredient for generating the reaction product. 

Furthermore, in case where an ingredient of a film to be 
etched is decreased in an outermost periphery region of the 
target Substrate within the processing chamber, the additional 
gas may include a gas for generating the ingredient of the film. 

In accordance with the sixth aspect of the present inven 
tion, there is provided a Substrate processing method for 
performing a specific processing on a target Substrate by 
introducing a processing gas into a processing chamber in 
which the target Substrate is arranged. 

The method includes: processing the target Substrate by 
introducing the processing gas from a processing gas inlet 
portion into the processing chamber toward a region where 
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6 
the target Substrate is positioned and by introducing an addi 
tional gas, used for adjusting processing characteristics of the 
processing gas, from an additional gas inlet portion into the 
processing chamber; and processing the target Substrate by 
introducing the processing gas from the processing gas inlet 
portion into the processing chamber toward the region where 
the target Substrate is positioned, without introducing the 
additional gas into the processing chamber. 
The processing onto the target Substrate without introduc 

ing the additional gas into the processing chamber is per 
formed while Supplying the processing gas via the additional 
gas inlet portion. 

In the present invention, the gas introduction member pro 
vided in the processing chamber includes a plurality of inner 
gas inlet portions and an outer gas inlet portion. The process 
ing gas is Supplied from the plurality of inner gas inlet por 
tions to the target Substrate arrangement region in a controlled 
split flow rate ratio. The additional gas for adjusting the 
processing characteristics of the processing gas is allowed to 
flow from the outer gas inlet portion to the region outside the 
outermost periphery of the target substrate. These features 
make it possible to efficiently correct and optimize the pro 
cessing characteristics in the outermost circumferential 
region of the target Substrate, thus making the processing 
characteristics more uniform. In other words, it is difficult to 
correct the processing characteristics of the outermost cir 
cumferential region of the target Substrate even though the 
additional gas is Supplied to the edge region of the target 
substrate. However, if the additional gas is supplied to the 
region outside the outermost periphery of the target Substrate, 
the additional gas acts effectively on the outermost circum 
ferential region of the target substrate. This makes it possible 
to correct the processing characteristics of the outermost cir 
cumferential region. 

Furthermore, the present gas Supply device is provided 
with the processing gas inlet portion for introducing the pro 
cessing gas into the processing chamber and the additional 
gas inlet portion for introducing the additional gas into the 
processing chamber, so that the processing gas and the addi 
tional gas can be supplied to the target Substrate. The gas 
supply device is further provided with the switching mecha 
nism for Switching, when the additional gas is not introduced 
into the processing chamber, the path in Such a manner as to 
allow the processing gas to flow through the additional gas 
inlet portion. These features allow the processing gas to flow 
through the additional gas inlet portion in case of not intro 
ducing the additional gas. This makes it possible to eliminate 
the possibility that no gas flows through the gas injection 
holes of the additional gas inlet portion during the course of 
processing. As a consequence, it is possible to avoid genera 
tion of a deposit in the gas injectionholes of the additional gas 
inlet portion. In case of plasma processing, it is possible to 
prevent an abnormal electric discharge from being generated 
in the gas injection holes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention will 
become apparent from the following description of embodi 
ments, given in conjunction with the accompanying draw 
ings, in which: 

FIG. 1 is a schematic cross sectional view showing a 
plasma etching apparatus as a Substrate processing apparatus 
to which a gas Supply device is applied inaccordance with one 
embodiment of the present invention; 

FIG. 2 is a bottom plan view showing a shower head 
employed in the plasma etching apparatus shown in FIG. 1; 
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FIG. 3 is a pattern diagram illustrating a configuration of a 
gas Supply device installed in the plasma etching apparatus 
shown in FIG. 1; 

FIGS. 4A through 4D are views diagrammatically illustrat 
ing examples of etching characteristics corrected by the 
plasma etching apparatus shown in FIG. 1; 

FIG. 5 shows scanning electron micrographs illustrating a 
status of etching patterns in a central region and a peripheral 
region in case where a SiN film is etched by the plasma 
etching apparatus shown in FIG. 1 without using an addi 
tional gas; 

FIGS. 6A and 6B are views illustrating critical dimension 
shift amounts in a dense pattern portion and an isolative 
pattern portion along a radial direction of a wafer in case 
where a SiN film is etched by the plasma etching apparatus 
shown in FIG. 1 without using an additional gas; 

FIG. 7 is a view illustrating results of simulation for a 
concentration distribution of a CN-based material as a reac 
tion product in case where a SiN film is etched by the plasma 
etching apparatus shown in FIG. 1 without using an addi 
tional gas; 

FIGS. 8A and 8B are views illustrating critical dimension 
shift amounts in a dense pattern portion and an isolative 
pattern portion along a radial direction of a wafer in case 
where a SiN film is etched by the plasma etching apparatus 
shown in FIG. 1 with a CHF gas used as an additional gas; 

FIGS. 9A and 9B are views illustrating selectivity shift 
amounts along a radial direction of a wafer in case where a 
CHF gas as an additional gas is Supplied to an edge portion 
of a wafer and to a region outside the outermost periphery of 
the wafer when a SiN film is etched by the plasma etching 
apparatus shown in FIG. 1; 

FIG. 10 is a view illustrating one example of a sample 
structure used in actually making the etching characteristics 
uniform in accordance with the present invention; 

FIG. 11 is a view illustrating another example of a sample 
structure used in actually making the etching characteristics 
uniform in accordance with the present invention; and 

FIG. 12 is a view illustrating a further example of a sample 
structure used in actually making the etching characteristics 
uniform in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Hereinafter, an embodiment of the present invention will 
be described with reference to the accompanying drawings 
which form a parthereof. FIG. 1 is a schematic cross sectional 
view showing a plasma etching apparatus as a Substrate pro 
cessing apparatus to which a gas Supply device is applied in 
accordance with an embodiment of the present invention. 
FIG. 2 is a bottom plan view showing a shower head 
employed in the plasma etching apparatus shown in FIG. 1. 
The plasma etching apparatus is a capacitively coupled 

parallel plate type plasma etching apparatus. The plasma 
etching apparatus includes a Substantially cylindrical airtight 
chamber 1 of which wall is formed of, e.g., an aluminum 
material having an oxidized surface. The chamber 1 is elec 
trically grounded. 

In the chamber 1, there is provided a support table 2 for 
horizontally supporting a semiconductor wafer (hereinafter 
simply referred to as a “wafer) Was a target substrate to be 
processed, the Support table 2 serving as a lower electrode. 
The Support table 2 is formed of, e.g., an aluminum material 
having an oxidized Surface and is Supported via an insulation 
member 4 on a Support base 3 extending upward from a 
bottom portion of the chamber 1. A focus ring 5 made of a 
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8 
conductive material or an insulating material is provided on 
an outermost periphery of the support table 2. A baffle plate 
14 is provided outside the focus ring 5. A cavity 7 is formed 
between the support table 2 and the bottom portion of the 
chamber 1. 
On the surface of the support table 2, there is provided an 

electrostatic chuck 6 for electrostatically attracting the wafer 
W. The electrostatic chuck 6 is formed of an electrode 6a 
interposed between insulation bodies 6b. ADC power supply 
13 is connected to the electrode 6a. As a voltage is applied 
from the power supply 13 to the electrode 6a, the wafer W is 
attracted to the electrostatic chuck 6 by, e.g., Coulomb force. 
A coolant path 8a is formed in the support table 2 and a 

coolant line 8b is connected to the coolant path 8a. Under the 
control of a coolant controller 8, an appropriate coolant is 
supplied to the coolant path 8a through the coolant line 8b and 
is circulated through the coolant path 8a and the coolant line 
8b. This makes it possible to control the support table 2 to be 
maintained at a desirable temperature. Also provided is a heat 
transfer gas line 9a for Supplying a heat transfergas, e.g., a He 
gas, to a space between the front Surface of the electrostatic 
chuck 6 and the rear surface of the wafer W. A heat transfer 
gas Supply unit 9 is provided to Supply the heat transfer gas to 
the rear surface of the wafer W via the heat transfer gas line 
9a. This makes it possible to efficiently transfer the cold heat 
of the coolant circulating through the coolant path 8a to the 
wafer W even though the chamber 1 is evacuated and kept 
vacuum, thereby improving the temperature control of the 
wafer W. 
A power Supply wire 12 for Supplying a high frequency 

power is connected to a substantially central portion of the 
support table 2. A matching box 11 and a high frequency 
power supply 10 are connected to the power supply wire 12. 
A high frequency power of a specific frequency, e.g., 100 
MHz or more, is supplied from the high frequency power 
supply 10 to the support table 2. A shower head 16 to be 
described later is arranged above the Support table 2 serving 
as a lower electrode in a parallel facing relationship therewith. 
The shower head 16 is electrically grounded via the chamber 
1. Therefore, the shower head 16 serves as an upper electrode 
and forms a pair of parallel plate electrodes together with the 
support table 2. 
The shower head 16 is engaged to the ceiling wall of the 

chamber 1. The shower head 16 includes a first gas inlet 
portion 51 for introducing a gas toward a wafer center region 
(central region) within the chamber 1, a second gas inlet 
portion 52 for introducing the gas toward a wafer periphery 
region (edge region) within the chamber 1 and a third gas inlet 
portion 53 for introducing the gas toward an outer region than 
the wafer periphery region. The first, second and third inlet 
portions 51, 52 and 53 are arranged in a concentric relation 
ship with one another. 
The shower head (gas introduction member) 16 includes a 

shower head body 16a and an electrode plate 18 detachably 
provided on the bottom surface of the shower head body 16a. 
A plurality of gas injection holes 17 is formed to penetrate the 
bottom wall of the shower head body 16a and the electrode 
plate 18. A gas diffusion space (internal gas diffusion space) 
40 is provided in the shower head body 16a. By means of first 
and second annular partition wall members 42 and 43 each 
formed with, e.g., an O-ring, the gas diffusion space 40 is 
divided into gas diffusion rooms having a first gas diffusion 
space 4.0a positioned centrally, a second gas diffusion space 
40b lying outside the first space 4.0a and a third (outermost) 
gas diffusion space 40c lying outside the second space 40b. 
The plurality of gas injection holes 17 extends downwardly 
from the first gas diffusion space 40a, the second gas diffu 
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sion space 40b and the third gas diffusion space 40c. The first 
gas inlet portion 51 is formed with the first gas diffusion space 
40a and a plurality of gas injection holes 17 arranged just 
below the first space 40a. The second gas inlet portion 52 is 
formed with the second gas diffusion space 40b and a plural 
ity of gas injection holes 17 arranged just below the second 
space 40b. The third gas inlet portion 53 is formed with the 
third gas diffusion space 40c and a plurality of gas injection 
holes 17 arranged just below the third space 40c. 
A processing gas for use in an etching process is Supplied 

into the first and second gas diffusion spaces 4.0a and 40b so 
that it can be injected toward the wafer W. An additional gas 
is Supplied into the third gas diffusion space 40c. The gas 
injection holes 17 corresponding to the third gas diffusion 
space 40C are aligned with the region outside the outermost 
periphery of the wafer W mounted on the support table 2 so 
that the additional gas can be injected toward the region 
outside the outermost periphery of the wafer W. 
A common processing gas Supply unit 66 is designed to 

Supply the processing gas into the first and second gas diffu 
sion spaces 4.0a and 40b in a desired flow rate ratio. More 
specifically, a gas Supply line (main path) 64 extends from the 
processing gas Supply unit 66 and is bifurcated into two 
branch lines (branch paths) 64a and 64b which in turn are 
connected to gas inlet openings 62a and 62b formed at the 
shower head body 16a. The processing gas passing through 
the gas inlet openings 62a and 62b is led to the first and second 
gas diffusion spaces 4.0a and 40b. The branch flow rate of the 
processing gas flowing through the branch lines 64a and 64b 
is regulated by means of a branch flow controller 71 provided 
somewhere along the branch lines 64a and 64b. 
An additional gas for use in adjusting the etching charac 

teristics attained by the processing gas is Supplied from an 
additional gas Supply unit 75 into the third gas diffusion space 
40c. The additional gas has a specific roll of, e.g., assuring 
uniform etching during an etching operation. A gas Supply 
line (additional gas supply path) 76 extends from the addi 
tional gas Supply unit 75 and is connected to a gas inlet 
opening 62c formed at the shower head body 16a. The addi 
tional gas passing through the gas inlet portion port 62c is led 
to the third gas diffusion space 40c. The shower head 16, the 
processing gas Supply unit 66, the additional gas Supply unit 
75, the branch flow controller 71 and the piping system coop 
erate with one another to form a gas Supply device (gas Supply 
mechanism) 60. 

FIG. 3 is a schematic diagram illustrating a configuration 
of the gas Supply device 60. The processing gas Supply unit 66 
includes a plurality of, e.g., three, processing gas sources 67a, 
67b and 67c, the number of which varies depending on the 
kinds of processing gas used. Gas lines 68.a. 68b and 68c 
respectively extend from the processing gas sources 67a, 67b 
and 67c. Mass flow controllers 69 serving as flow rate con 
trollers and opening/closing valves 70 are arranged in the gas 
lines 68.a. 68b and 68c so that plural kinds of processing gases 
can be respectively supplied at a desired flow rate. The gas 
lines 68.a. 68b and 68c join the gas supply line 64. As a result, 
a gaseous mixture of the plural kinds of processing gases 
flows through the gas supply line 64. The number of the 
processing gas sources varies with the kinds of processing 
gases used and may be smaller than or greater than three. 
The branch flow controller 71 includes flow rate control 

valves 71a and 71b and pressure sensors 72a and 72b 
arranged in the branch lines 64a and 64b. Since the paths 
extending from the processing gas Supply unit 66 to the first 
and second gas diffusion spaces 4.0a and 40b have a same 
conductance, the flow rate ratio of the processing gases Sup 
plied into the first and second gas diffusion spaces 4.0a and 
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10 
40b can be controlled at will with the flow rate control valves 
71a and 71b. The flow rate is actually controlled by adjusting 
the opening degree of the flow rate control valves 71a and 71b 
based on detection values of the pressure sensors 72a and 72b. 
The additional gas supply unit 75 includes an additional 

gas source 77 connected to the gas Supply line 76, a mass flow 
controller 78 as a flow rate controller arranged in the gas 
Supply line 76 and a opening/closing valve 79 also arranged in 
the gas supply line 76. 
By controlling the flow rate ratio of the processing gases 

introduced into the first and second gas diffusion spaces 40a 
and 40b as mentioned above, it is possible to arbitrarily adjust 
the ratio Fc/Fe of the flow rate Fc of the processing gas 
introduced from the first central gas inlet portion 51 into the 
chamber 1 and the flow rate Fe of the processing gas intro 
duced from the second peripheral gas inlet portion 52 into the 
chamber 1. This makes it possible to perform radical distri 
bution control. Independently of the processing gas, a specific 
additional gas may be introduced in a predetermined ratio 
with respect to the processing gas from the third gas diffusion 
space 40c of the third gas inlet portion 53 toward the region 
outside the outermost periphery of the wafer W in the cham 
ber 1. 
The gas Supply line 76 for Supplying the additional gas and 

the branch line 64b are connected to each other by a bypass 
line 80. A switching valve (bypass valve) 81 is arranged in the 
junction point of the gas supply line 76 and the bypass line 80. 
The switching valve 81 is formed of, e.g., a three-way valve. 
In case of supplying the additional gas, the Switching valve 81 
disconnects the third gas diffusion space 40C from the bypass 
line 80 so that the additional gas can be supplied into the third 
gas diffusion space 40c. In case of the additional gas not being 
Supplied, the Switching valve 81 disconnects the third gas 
diffusion space 40C from the additional gas supply unit 75 so 
that the processing gas can be Supplied into the third gas 
diffusion space 40c through the bypass line 80. This elimi 
nates the possibility that no gas flows through the gas injec 
tion holes 17 corresponding to the third gas diffusion space 
40c even when the additional gas is not used in processing the 
wafer W. 
An exhaust line 19 is connected to the bottom of the cham 

ber 1 and a gas exhaust unit 20 including a vacuum pump is 
connected to the exhaust line 19. The inner space of the 
chamber 1 can be depressurized to a predetermined vacuum 
level by operating the vacuum pump of the gas exhaust unit 
20. In an upper portion of a sidewall of the chamber 1, there 
is provided a gate valve 24 for opening and closing a loading/ 
unloading port 23 through which the wafer W is loaded and 
unloaded. 
Two annular magnets 21a and 21b are concentrically 

arranged above and below the loading/unloading port 23 of 
the chamber 1 so that they can be rotated around the chamber 
1. The magnets 21a and 21b form magnetic fields around the 
processing space between the Support table 2 and the shower 
head 16. The magnets 21a and 21b can be rotated by a rotating 
mechanism not shown in the drawings. 
Components of the plasma etching apparatus, e.g., the 

processing gas Supply unit 66, the split flow rate regulating 
mechanism 71, the additional gas supply unit 75, the high 
frequency power source 10, the matching box 11, the direct 
current source 13, the coolant controller 8, the heat transfer 
gas Supply unit 9 and the exhaust unit 20, are connected to and 
controlled by a control unit (process controller) 90 which is a 
microprocessor (computer). Connected to the controller 90 is 
a user interface 91 that includes a keyboard for a process 
manager to input a command to operate the plasma etching 
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apparatus, a display for showing an operational status of the 
plasma etching apparatus, and the like. 

Also connected to the controller 90 is a storage unit 92 that 
stores therein, e.g., control programs to be used in realizing 
various processes, which are performed in the plasma pro 
cessing apparatus under the control of the process controller 
90, and/or a program, i.e., recipes, for making the compo 
nents of the plasma etching apparatus perform processing 
tasks in accordance with processing conditions. The recipes 
are stored in a storage medium of the storage unit 92. The 
storage medium may be either a stationary one such as a hard 
disk or the like or a portable one such as a CDROM, a DVD 
or the like. Alternatively, the recipes may be suitably trans 
mitted from another apparatus via, e.g., a dedicated line. If 
necessary, an arbitrary one of the recipes is called out from the 
storage unit 92 by inputting an instruction to that effect 
through the user interface 91. The controller 90 performs the 
recipe thus called out. Consequently, a desired processing 
task is carried out in the plasma etching apparatus under the 
control of the controller 90. 

Next, description will be made on the processing operation 
of the plasma etching apparatus with the configuration as 
above. The processing operation is controlled by the control 
ler 90 described above. 

First, the gate valve 24 is opened and the wafer W is loaded 
into the chamber 1 by using a transfer arm. After the wafer W 
is mounted on the Support table 2, the transfer arm is retracted 
and the gate valve 24 is closed. The inner space of the cham 
ber 1 is evacuated through the exhaust line 19 to a predeter 
mined vacuum level by using the vacuum pump of the exhaust 
unit 20. 

Then, a processing gas for an etching operation is Supplied 
from the processing gas Supply unit 66 to the first gas diffu 
sion space 4.0a and the second gas diffusion space 40b at a 
specific flow rate and in a specific ratio, thereby adjusting the 
ratio of the processing gas Supplied into the first gas inlet 
portion 51 and the second gas inlet portion 52. A specific 
additional gas is Supplied into the third gas diffusion space 
40c of the third gas inlet portion 53. While supplying the 
processing gas and the additional gas into the chamber 1 
through the gas injection holes 17, the chamber 1 is evacuated 
by the vacuum pump of the exhaust unit 20 to set the pressure 
in the chamber 1 to be within a range from 1 to 150 Pa. 

In this regard, various kinds of conventionally available 
gases may be used as the processing gas. It is preferable to 
use, e.g., a gas including a halogen element, which is repre 
sented by a fluorocarbon gas (C.F.) Such as a CFs gas or the 
like. Other gases such as an Argas and an O gas may be used 
in combination with or in place of the gas including a halogen 
element. 
The additional gas is used to increase the in-plane etching 

uniformity of the wafer by adjusting the etching environment 
around the portion of the wafer whose etching characteristics 
are peculiar. For example, it is sometimes the case that the 
linear shape of an etching film in a peripheral edge portion of 
the wafer becomes thin due to the small amount of by-prod 
uct. In this case, it is effective that a gas capable of generating 
a by-product is Supplied as the additional gas. As another 
example, it is sometimes the case that the linear shape of an 
etching film in an outermost periphery of the wafer becomes 
thin due to a shortage of a gas corresponding to a composition 
ingredient of a film. In this case, it is effective that the gas 
corresponding to the composition ingredient of the film is 
Supplied as the additional gas. It is possible to use, as the 
additional gas, either a fraction of the processing gas or a gas 
other than the processing gas. 
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While the processing gas and the additional gas are intro 

duced into the chamber 1 in this manner, a high frequency 
power having frequency of 10 MHz or more, e.g., 13.56MHz 
is supplied from the high frequency power source 10 to the 
support table 2. At this time, a predetermined level of voltage 
is applied from the direct current source 13 to the electrode 6a 
of the electrostatic chuck 6, whereby the wafer W is adsorbed 
to the electrostatic chuck 6 by, e.g., Coulomb force. 
As the high frequency power is applied to the Support table 

2 serving as the lower electrode in the manner as noted above, 
the high frequency electric field is formed in the processing 
space between the shower head 16, i.e., the upper electrode, 
and the support table 2, i.e., the lower electrode. Thus, the 
processing gas Supplied into the processing space is turned to 
a plasma. An etching target film of the wafer W is etched by 
radicals or ions present in the plasma. 

Depending on the kinds of processing to be performed, it 
would be possible to make the etching characteristics uniform 
by using the radical distribution control in which the flow rate 
of the processing gas is adjusted differently in the central 
region and the peripheral region of the wafer W or by allowing 
the additional gas to flow toward the peripheral region of the 
wafer W, as disclosed in JP2006-165399A, JP2007-207808A 
and JP2007-214295A mentioned earlier. 

However, when etching a SiN film used as a hard mask 
layer or when etching an organic film Such as an interlayer 
insulation film having a low dielectric constant, the outermost 
circumferential portion of the wafer W undergoes a sharp 
change in its etching characteristics, especially in its critical 
dimension (CD). More specifically, there is a tendency that 
the resist becomes thin in the outermost circumferential por 
tion of the wafer W. In this case, the uniform etching charac 
teristics may not be always attained by merely performing the 
radical distribution control or the additional gas Supply with 
the hardware configurations as described in JP2006 
165399A, JP2007-207808A and JP2007-214295A men 
tioned earlier. 

In the present embodiment, the additional gas is introduced 
through the third gas inlet portion 53 toward the position 
outside the outermost periphery of the wafer W, in addition to 
the processing gas flowing through the first and second gas 
introduction portions 51 and 52 in a controlled flow rate ratio. 

These features make it possible to efficiently correct and 
optimize the etching characteristics in the outermost circum 
ferential portion of the wafer W, thus making the etching 
characteristics more uniform. In other words, it is difficult to 
correct the etching characteristics of the outermost circum 
ferential portion of the wafer W even when the additional gas 
is supplied to the edge region of the wafer W. However, if the 
additional gas is Supplied to the region outside the outermost 
peripheral portion of the wafer W, the additional gas acts 
effectively on the outermost peripheral portion of the wafer 
W. This makes it possible to correct the etching characteris 
tics of the outermost circumferential portion. 

Although the additional gas may diffuse toward the middle 
and central regions of the wafer W and may cause a change in 
the environment of these regions, the influence of the addi 
tional gas can be cancelled by adjusting the ratio of the pro 
cessing gas Supplied through the first gas inlet portion 51 and 
the second gas inlet portion 52. 

Such correction of the etching characteristics will be 
described in detail with reference to FIGS. 4A to 4D. In case 
where a CHF gas, a CF, gas, an Argas and an O gas are 
used as the processing gas while the additional gas is not used 
when etching, e.g., a SiN film, the etching critical dimension 
tends to sharply decrease beyond the middle region as illus 
trated in FIG. 4A. In case where a CHF gas as the additional 
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gas is Supplied toward the edge region of the wafer W together 
with the processing gas, the critical dimension distribution is 
improved but the critical dimension of the outermost circum 
ferential portion of the wafer W Suffers from reduction, as 
illustrated in FIG. 4B. The critical dimension reduction in that 
portion is not improved even by controlling the spatial distri 
bution of the radical density. In case where a CHF gas as the 
additional gas is Supplied toward the region outside the out 
ermost peripheral portion of the wafer W as in the present 
embodiment, it becomes possible to optimize the critical 
dimension correction effect to the outermost circumferential 
portion of the wafer Was can be seen in FIG. 4C. The critical 
dimension reduction in the central region of the wafer W 
appeared in FIG.4C can be dissolved as illustrated in FIG. 4D 
by adjusting the ratio of the processing gas Supplied through 
the first and second gas introduction portions 51 and 52 and 
thus controlling the spatial distribution of the radical distri 
bution. This makes it possible to remarkably increase the 
uniformity in the critical dimension. FIGS. 4A to 4D dia 
grammatically illustrate the general tendency of the change in 
the etching characteristics (critical dimension). 

Depending on the process, there may be no need to use the 
additional gas. In this case, if the Supply of the additional gas 
is merely stopped, no gas flows through the gas injection 
holes 17 corresponding to the third gas diffusion space 40c. If 
a plasma is generated in this state, the plasma enters the gas 
injection holes 17 corresponding to the third gas diffusion 
space 40C, thereby generating an abnormal electric discharge 
or a deposit in the gas injection holes 17. 

In the present embodiment, the gas supply line 76 and the 
branch line 64b are connected to each other by the bypass line 
80. The switching valve 81 is employed so that the additional 
gas and the processing gas can be selectively supplied to the 
third gas diffusion space 40c. In case where there is no need 
to Supply the additional gas, the Switching valve 81 is opened 
to the bypass line 80 so that the processing gas can flow into 
the third gas diffusion space 40c. This makes it possible to 
prevent the abnormal electric discharge or the deposit. 

Next, description will be made on the experimental results 
that helped to develop the present invention. 

In one experiment, a 300 mm wafer was used, the wafer 
being obtained by laminating a SiN film of 200 nm, a poly 
vinyl alcohol-based resin film of 287 nm, an anti-reflection 
film of 80 nm and a photoresist film in that order on a Si 
Substrate and then patterning the photoresist film into a criti 
cal dimension (line width) of 80 nm through a photolithog 
raphy process. The outermost gas injection holes of the 
shower head 16 were arranged within the wafer arrangement 
region (up to 140 mm from the center). Except the above 
points, the same plasma etching apparatus as shown in FIG. 1 
was used to etch the wafer down to the SiN film. At this time, 
a CHF gas, a CF4 gas, an Argas and an O2 gas were used as 
the processing gas. The flow rates of the CHF, CF, Arand 
O gases were 30, 90, 600 and 15 mL/min (sccm), respec 
tively. The flow rate ratio of the processing gas Supplied 
toward the central region to the edge region was 45:55. The 
pressure in the chamber was 16.6 Pa (125 mTorr) and the high 
frequency power was 600 W. Etching was performed under 
these conditions. As a result, it was confirmed that the lines 
existing in the peripheral region became thinner than the lines 
of the central region both for the dense pattern portion and the 
isolative pattern portion, as can be seen from the scanning 
electron micrographs shown in FIG. 5. In the respective 
micrographs shown in FIG. 5, the left numerals signify the top 
critical dimension (nm) and the right numerals stand for the 
bottom critical dimension (nm). 
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In another experiment, the same plasma etching apparatus 

as in the preceding experiment was used. At this time, a 
CH2F2 gas, a CF4 gas, an Argas and an O2 gas were used as 
the processing gas. The flow rates of the CHF, CF, Arand 
O gases were 20, 80, 150 and 21 mL/min (sccm), respec 
tively. The flow rate ratio of the processing gas Supplied 
toward the central region to the edge region was 45:55. The 
pressure in the chamber was 18.6 Pa (140 mTorr) and the high 
frequency power was 700 W. Under these conditions, the SiN 
film was etched to form lines having a critical dimension (line 
width) of 80 nm. Critical dimension shift amounts in a dense 
pattern portion and an isolative pattern portion along a radial 
direction of the wafer are illustrated in FIGS. 6A and 6B. It 
can be seen in FIGS. 6A and 6B that the critical dimension is 
decreased in the edge portion of the wafer. 

Investigation on the indices having something to do with 
the critical dimension reduction in the edge portion of the 
wafer revealed that, as illustrated in FIG. 7, the critical dimen 
sion reduction was related to the concentration of a CN-based 
material as a reaction product (by-product) and the concen 
tration of the reaction product was decreased in the edge 
portion of the wafer. FIG. 7 shows data acquired by conduct 
ing a simulation in positions 0.5 mm above the wafer. From 
the results illustrated in FIG. 7, it can be speculated that the 
critical dimension reduction results from the reduction in the 
concentration of the reaction product (CN-based material) in 
the wafer edge portion. 

In another experiment, a plasma etching apparatus used in 
the above-described experiment was used in which the out 
ermost gas injection holes of the shower head 16 were 
arranged within the wafer arrangement region (up to 140 mm 
from the center). A CHF gas as an alternative of the CN 
based material, i.e., the reaction product, was used as the 
additional gas. Simultaneously with Supplying the processing 
gas, the CHF gas was injected toward the edgeportion of the 
wafer through the outermost gas injection holes (correspond 
ing to the second gas diffusion space 40b of the plasma 
etching apparatus shown in FIG. 2). Critical dimension shift 
amounts in a dense pattern portion and an isolative pattern 
portion along a radial direction of the wafer available in this 
experiment are illustrated in FIGS. 8A and 8B. It can be seen 
in FIGS. 8A and 8B that the critical dimension reduction in 
the outermost circumferential portion of the wafer remains 
unsolved, although the critical dimension reduction in the 
wafer edge portion is mitigated and the uniformity of the 
critical dimension is improved by the additional gas. 

In the present invention, a CHF gas as the additional gas 
was supplied toward the region outside the outermost periph 
ery of the wafer (the region 156 mm away from the center). As 
a result, it was possible to correct the critical dimension 
reduction which would otherwise occur in the outermost 
periphery of the wafer. FIGS. 9A and 9B do not directly 
illustrate the critical dimension shift amounts but show shift 
amounts in the selectivity of the SiN film relative to the resist 
film, which have a strong correlation with the critical dimen 
sion shift amounts. 

FIG. 9A illustrates the selectivity shift amounts in case 
where the CHF gas as the additional gas was Supplied 
toward the edge portion of the wafer, whereas FIG. 9B rep 
resents the selectivity shift amounts in case where the CHF 
gas as the additional gas was Supplied toward the region 
outside the peripheral region of the wafer. In FIG. 9A, the 
selectivity was decreased in the outermost circumferential 
region of the wafer. In FIG.9B, however, the selectivity was 
increased to a maximum value in the outermost circumferen 
tial region of the wafer. In this state, the etching characteris 
tics can be made uniform by the radical distribution control. 
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The above experiments were directed to a case where the 
etching characteristics in the wafer edge portion were 
affected by the concentration of the reaction product (by 
product) present in the etching atmosphere. In some 
instances, the concentration of ingredients of a film has an 
influence on the etching characteristics in the wafer edge 
region. For example, during the process of etching an amor 
phous carbon film or an organic film, the concentration of 
carbon, i.e., one of the ingredients of the film, is reduced in the 
atmosphere around the wafer edge region. Consequently, 
there is a tendency that the critical dimension is decreased in 
the wafer edge region. In this case, a gas capable of increasing 
the concentration of carbon as one of the ingredients of the 
film, e.g., a CO gas, may be used as the additional gas. Use of 
Such an additional gas helps make the etching characteristics 
Such as the critical dimension and the like uniform. 

Next, description will be made on examples in which the 
etching characteristics were actually made uniform in accor 
dance with the present invention. 

Referring to FIG. 10, a wafer sample was obtained by 
laminating a SiN film 102 as a hard mask, an anti-reflection 
film (BARC) 103 and a photoresist film (PR) 104 in that order 
on a Si substrate 101 and then patterning the photoresist film 
104 through a photolithography process. The anti-reflection 
film 103 and the SiN film 102 were etched by the plasma 
etching apparatus shown in FIG. 1. 
As the common conditions for etching the reflection film 

103 and the SiN film 102, the wafer was kept at a temperature 
of 60° C. and the flow rate ratio of the processing gas supplied 
toward the central region and the edge region was set to be 
45:55. During the process of plasma-etching the anti-reflec 
tion film 103, a CF, gas, an Argas and an O gas were 
Supplied as the processing gas at the flow rates of 120 mL/min 
(Scem), 420 mL/min (sccm) and 15 mL/min (Scem), respec 
tively. The pressure in the chamber was set to 13.3 Pa (100 
mTorr), and the high frequency power was set to 800W. When 
plasma-etching the SiN film 102, a CHF gas, a CF, gas, an 
Argas and an O gas were Supplied as the processing gas at 
the flow rates of 20 mL/min (sccm), 80 mL/min (sccm), 150 
mL/min (ScCm) and 20 mL/min (Scem), respectively. Further, 
a CHF gas capable of generating a CN-based reaction prod 
uct was Supplied as the additional gas toward the region 
outside the outer edge of the wafer through the third gas 
diffusion space 40c at the flow rate of 2 mL/min (sccm). The 
pressure in the chamber was set to 18.6 Pa (140 mTorr), and 
the high frequency power was set to 700 W. When plasma 
etching the anti-reflection film 103, the processing gas was 
Supplied through the third gas diffusion space 40c. 
As a result, when etching the SiN film 102, the critical 

dimension in the outermost circumferential portion of the 
wafer was corrected with the help of the reaction of the CHF 
gas used as the additional gas. Thus, it was possible to per 
form the etching operation with increased uniformity. 
Despite the fact that the additional gas was not Supplied 
during the etching of the anti-reflection film 103, neither 
abnormal electric discharge nor deposit was generated 
because the processing gas was injected from the third gas 
diffusion space 40c for use in Supplying the additional gas. 

Referring next to FIG. 11, a wafer sample was obtained by 
laminating a SiN film 202 as a hard mask, an amorphous 
carbon (a-C) film 203, a SiO, film 204 and a photoresist film 
(PR) 205 in that order on a Si substrate 201 and then pattern 
ing the photoresist film 205 through a photolithography pro 
cess. The SiO film 204 and the amorphous carbon film 203 
were etched by the plasma etching apparatus shown in FIG.1. 
As the common conditions for etching the SiO film 204 

and the amorphous carbon film 203, the wafer was kept at a 
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temperature of 20°C. and the flow rate ratio of the processing 
gas Supplied toward the central region and the edge region 
was set to 50:50. During the plasma-etching of the SiO film 
204, a CF, gas was Supplied as the processing gas at the flow 
rate of 150 mL/min (sccm). The pressure in the chamber was 
set to 10.6 Pa (80 mTorr), and the high frequency power was 
set to 400 W. When plasma-etching the amorphous carbon 
film 203, an O gas and an Argas were supplied as the 
processing gas at the flow rates of 180 mL/min (sccm) and 
300 mL/min (sccm), respectively. Furthermore, a CO gas 
capable of increasing the film ingredients in the etching atmo 
sphere was Supplied as the additional gas toward the region 
outside the outermost peripheral region of the wafer through 
the third gas diffusion space 40c at the flow rate of 200 
mL/min (sccm). The pressure within the chamber was set to 
4.0 Pa (30 mTorr), and the high frequency power was set equal 
to 500 W. When plasma-etching the SiO, film 204, the pro 
cessing gas was Supplied through the third gas diffusion space 
40c. 
As a result, when etching the amorphous carbon film 203, 

the critical dimension in the outermost circumferential por 
tion of the wafer was corrected with the help of the reaction of 
the CO gas as the additional gas. Thus, it was possible to 
perform the etching operation with increased uniformity. 
Despite the fact that the additional gas was not supplied 
during the etching of the SiO film 204, neither abnormal 
electric discharge nor deposit was generated because the pro 
cessing gas was injected from the third gas diffusion space 
40c for use in Supplying the additional gas. 

Next, a wafer sample shown in FIG. 12 was obtained by 
laminating a SiN film 302 as a hard mask, a polyvinyl alcohol 
based resin film (OPL) 303, an anti-reflection film (Si-ARC) 
304 and a photoresist film (PR) 305 in that order on a Si 
substrate 301 and then patterning the photoresist film 305 
through a photolithography process. The anti-reflection film 
304 and the polyvinyl alcohol-based resin film 303 were 
etched by the plasma etching apparatus shown in FIG. 1. 
As the common conditions for etching the anti-reflection 

film 304 and the polyvinyl alcohol-based resin film 303, the 
wafer was kept at a temperature of 20° C. and the flow rate 
ratio of the processing gas Supplied toward the central region 
and the edge region was set to 50:50. During the plasma 
etching of the anti-reflection film 304, a CF, gas was supplied 
as the processing gas at the flow rate of 150 mL/min (Scem). 
The pressure in the chamber was set to 10.6 Pa (80 mTorr), 
and the high frequency power was set to 400 W. When 
plasma-etching the resin film 303, a Nagas, an O gas and a 
He gas were supplied as the processing gas at the flow rates of 
200 mL/min (sccm), 18 mL/min (sccm) and 100 mL/min 
(Scem), respectively. Further, a CO gas capable of increasing 
the film ingredients in the etching atmosphere was Supplied as 
the additional gas toward the region outside the outer edge of 
the wafer through the third gas diffusion space 40c at the flow 
rate of 40 mL/min (sccm). The pressure in the chamber was 
set to 2.3 Pa (17 mTorr), and the high frequency power was set 
to 300 W. When plasma-etching the anti-reflection film 304, 
the processing gas was Supplied through the third gas diffu 
sion space 40c. 
As a result, when etching the polyvinyl alcohol-based resin 

film 303, the critical dimension in the outermost circumfer 
ential portion of the wafer was corrected with the help of the 
reaction of the CO gas used as the additional gas. Thus, it was 
possible to perform the etching operation with increased uni 
formity. Despite the fact that the additional gas was not Sup 
plied during the etching of the anti-reflection film 304, neither 
abnormal electric discharge nor deposit was generated 
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because the processing gas was injected from the third gas 
diffusion space 40c for use in supplying the additional gas. 
The present invention is not limited to embodiment 

described above and various modification may be made. For 
example, the processing gas may be split to flow toward three 
or more regions, although the processing gas is split into two 
to flow toward the first gas inlet portion 51 corresponding to 
the central region of the wafer and the second gas inlet portion 
52 corresponding to the peripheral region of the wafer in the 
above embodiment. Further, the gas inlet portions are not 
necessarily arranged in a concentric pattern. In addition, 
although the processing gas and the additional gas are intro 
duced through the shower head 16 in the above embodiment, 
they may be introduced through, e.g., gas lines, in place of the 
shower head. 

While the above embodiment is directed to plasma etching, 
the present invention is not limited thereto. Alternatively, the 
present invention may be applied to other plasma processing 
Such as plasma CVD and the like or non-plasma processing 
such as thermal CVD and the like. 

While the semiconductor wafer is used as the target sub 
strate in the above embodiment, the present invention is not 
limited thereto. Other substrates such as a substrate for flat 
panel displays and the like may be used as the target substrate. 
What is claimed is: 
1. A gas Supply device for supplying a processing gas into 

a processing chamber in which a target substrate is arranged, 
the processing gas being used for processing the target sub 
Strate, comprising: a gas introduction member provided in the 
processing chamber to face with the target substrate, the gas 
introduction member having gas inlet portions through which 
a gas containing the processing gas is introduced into the 
processing chamber; a processing gas supply unit configured 
to supply the processing gas into the gas introduction mem 
ber; a processing gas supply path through which the process 
ing gas flows from the processing gas supply unit; branch 
paths configured to supply the processing gas in a specific 
split flow rate ratio, the branch paths being branched off from 
the processing gas supply path and connected to the gas 
introduction member; an additional gas supply unit config 
ured to supply an additional gas into the gas introduction 
member, the additional gas being used in adjusting process 
ing characteristics of the processing gas; and an additional gas 
Supply path connected to the additional gas supply unit and 
the gas introduction member, wherein the gas inlet portions 
include a first and a second gas inlet portion for supplying the 
processing gas toward a region where the target substrate is 
positioned and a third gas inlet portion for introducing the 
additional gas toward a region outside an outermost periphery 
portion of the target substrate, the branch paths being con 
nected to the first and the second gas inlet portion, the addi 
tional gas supply path being connected to the third gas inlet 
portion, and a bypass passage that connects the additional gas 
Supply path to one of the branch paths, and wherein the target 
Substrate is processed by using the processing gas introduced 
through the first and the second gas inlet portion, and pro 
cessing characteristics of the processing gas in the outmost 
periphery portion of the target substrate is adjusted by using 
the additional gas introduced through the third gas inlet por 
t1On. 

2. The gas supply device of claim 1, wherein the gas inlet 
portions of the gas introduction member are provided in a 
concentric pattern, the first gas inlet portion being positioned 
at a central region of the gas introduction member, the second 
gas inlet portion being positioned outside the first gas inlet 
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portion, and the third gas inlet portion being positioned out 
side the second gas inlet portion. 

3. The gas supply device of claim 1, wherein the gas intro 
duction member constitutes a shower head having gas injec 
tion holes formed at a bottom thereof. 

4. The gas supply device of claim 1, wherein the first gas 
inlet portion is configured to introduce the processing gas 
toward a central region of the target substrate, the second gas 
inlet portion is configured to introduce the processing gas 
toward a peripheral region of the target substrate, and 

wherein the branch paths include a first branch path and a 
second branch path respectively connected to the first 
and the second gas inlet portion. 

5. The gas supply device of claim 1, wherein the additional 
gas differs from the processing gas. 

6. The gas supply device of claim 1, wherein the processing 
gas comprises plural gases, the additional gas differing from 
the gases or being a part of the gases which form the process 
ing gas. 

7. A substrate processing apparatus comprising: a process 
ing chamber in which a target Substrate is arranged, and a gas 
Supply device configured to supply a processing gas into the 
processing chamber, the processing gas being used for pro 
cessing the target substrate, the gas supply device compris 
ing: a gas introduction member provided in the processing 
chamber to face with the target substrate, the gas introduction 
member having gas inlet portions through which a gas con 
taining the processing gas is introduced into the processing 
chamber; a processing gas supply unit configured to supply 
the processing gas into the gas introduction member; a pro 
cessing gas supply path through which the processing gas 
flows from the processing gas supply unit; branch paths con 
figured to supply the processing gas in a specific split flow 
rate ratio, the branch paths being branched off from the pro 
cessing gas supply path and connected to the gas introduction 
member; an additional gas supply unit configured to supply 
an additional gas into the gas introduction member, the addi 
tional gas being used in adjusting processing characteristics 
of the processing gas; an additional gas supply path connected 
to the additional gas supply unit and the gas introduction 
member; and a control unit configured to control flow rates of 
the processing gas and the additional gas introduced through 
the gas introduction member, wherein the gas inlet portions 
include a first and a second gas inlet portion for supplying the 
processing gas toward a region where the target substrate is 
positioned and a third gas inlet portion for introducing the 
additional gas toward a region outside an outermost periphery 
portion of the target substrate, the branch paths being con 
nected to the first and the second gas inlet portion, the addi 
tional gas supply path being connected to the third gas inlet 
portion, and a bypass passage that connects the additional gas 
Supply path to one of the branch paths, and wherein the 
control unit controls such that the target substrate is processed 
by using the processing gas introduced through the first and 
the second gas inlet portion, and processing characteristics of 
the processing gas in the outmost periphery portion of the 
target substrate is adjusted by using the additional gas intro 
duced through the third gas inlet portion. 

8. The substrate processing apparatus of claim 7, further 
comprising a plasma generation mechanism configured to 
generate a plasma of the additional gas, 

wherein the target substrate is processed by the plasma of 
the additional gas. 
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